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A comparison of benzene
exposures in maintenance and
regular works at Korean
petrochemical plants
The goal of this study was to compare the exposure levels of benzene in maintenance and regular works at
the petrochemical plant. Four companies handling benzene were investigated during maintenance and
regular works. The data were analyzed by classifying the workers into two groups (maintenance operations:
129, regular operations: 63) comprising a total of 192 plant workers. Benzene concentrations in long-term
samples during maintenance were found to be 1.7–9 times higher than those during regular operations;
furthermore, benzene concentrations in short-term samples during maintenance were 20 times higher than
those during regular operations (p < 0.01). For personal air samples, the exceedances above the ACGIH
TLV for benzene were 17.8% during maintenance operations and were not significant during regular
operations. In short-term air samples, the exceedances above TLV were 11.1% during maintenance works
and none of the samples exceeded the TLVs during regular operations. Therefore, the periodic monitoring
according to manual which is standardized is necessary to reinforce during maintenance operations.By Eun Kyo Chung,
Jae Kil Jang,
Dong Hee Koh
INTRODUCTION
In the petrochemical industry, the
manufacturing processes ranging from
raw materials handling and processing
to finished products are technological-
ly integrated at every step of produc-
tion. Petrochemical company plants
are characterized by a closed system
connected by a variety of equipment
and pipes. Thus, the storage of large
quantities of chemical increases the
risk for accidents such as the leakage
of dangerous materials, which can im-
pact factory workers, nearby residentsPlease cite this article in press as: Chung, E. K
petrochemical plants. J. Chem. Health Safety
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 20and the environment. Workers in
large-scale petrochemical industrial
complexes are at greater risk of ben-
zene exposure than are those in other
general industrial complexes such as
semiconductors, automobiles and
shipbuilding.1–3
Petrochemical work-sites operate
mainly outdoors, and hence, the expo-
sure level to hazardous chemical
materials is usually low during regular
operations. They are usually well
controlled through sealed systems, per-
mit-to-work systems, purging, and
ventilation.
Periodically, however, plant opera-
tions are suspended and processing
facilities are opened for maintenance
operations, during which exposure to. et al2., A comparison of benzene exposures in
 (2016), http://dx.doi.org/10.1016/j.jchas.2016.0
pational Safety and Health Research
 Health Agency (KOSHA), Ulsan, Re-
.or.kr).
l Safety and Health Research Institute,
gency (KOSHA), Ulsan, Republic of
nt of Occupational and Environmental
ital, Catholic Kwandong University,
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American Chemical Society. This is an open achigher concentrations of hazardous
chemicals is more likely.4 Large-scale
maintenance work refers to a series of
tasks including stopping the operation
of a factory, cleaning equipment and
facilities, and replacing parts for main-
tainance purposes. Each factory in a
company does a maintenance opera-
tion once every four years. However,
due to the high degree of integration of
the factories within a company, this
frequency could be as much as once
every year.
The most frequently used raw materi-
al in the petrochemical industry is naph-
tha. Naphtha is a carbon compound,
comprising 4–12 carbons that decom-
poses into ethylene, propylene, butadi-
ene, benzene, and toluene through
naphtha cracking centers (NCCs). Typ-
ical hazards encountered during turn-
around in a petrochemical plant include
chemicals like benzene, 1,3-butadiene,
and heavy metals released during the
process of dismantling and cutting of
chemical equipment. Benzene at chem-
ical plants are manufactured and han-
dled with raw chemicals, and it has been
categorized as Group 1 (a known car-
cinogen for human) by the IARC (Inter-
national Agency for Research on maintenance and regular works at Korean
9.006
Division of Chemical Health and Safety of the
cess article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).
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JCHAS-918; No of Pages 6Cancer) with an 8-hr-TWA TLV of
0.5 ppm and STEL of 2.5 ppm ACGIH
(American Conference of Industrial
Hygienists).5,6
Many exposure data from systematic
sampling of chemicals such as benzene
during regular operations in petro-
chemical industries have been pub-
lished.7–12 However, few studies have
reported similar data for maintenance
activities.13,14 These activities range
from stopping the operation of a facto-
ry, cleaning the insides of pipes and
equipment, changing rusted or broken
parts, and then test-operating to ensure
normal operation on start-up. It
includes replacement of heat exchan-
gers, scaffolding work, and blind oper-
ation during air or steam purges after
shut-down (stopping the operation of a
factory), valve and valve gasket over-
haul or replacement work, and man-
hole and cover-opening works in
chemical facilities. Regular work, on
the other hand, includes checking pro-
cess and quality inspection such as
sampling and gauging, and replacing
minor parts, and strainer and filter
cleaning.
This study aims to evaluate expo-
sures to benzene during maintenance
and regular operations at the petro-
chemical plants in Korea, and provide
basic information that can be used for
determining proper exposure controls
during such operations.
METHODS
Study design
This study investigated four petro-
chemical plants located at Korean in-
dustrial complex that manufacture or
use benzene as a raw material using
naphtha. Out of plant workers who
participated in maintenance opera-
tions, 192 workers were randomly
sampled to compare the level of ben-
zene between maintenance and regu-
lar work.
Target processes included were the
Aromatic process, the BTX (benzene–
toluene–xylene, naphtha-based) pro-
cess, the Cumene process, and the
MNB (mono-nitro-benzene) process.
Similarly exposed groups (SEGs) of
workers were defined on the basis of
types of operation being conducted,
the major hazardous chemical mat
als in each operation, the frequenc
each job, and the workers doing 
job. Also, classifying workers i
SEGs was done on the basis of ob
vation and understanding of the p
cesses and tasks in which each gr
of workers participated.15 Main
nance and regular work were classi
into two SEGs – maintenance work
and control managers. The main
nance workers perform directly m
tenance works according to schedu
in field, such as patrolling sites 
monitoring assembling or disass
bling tasks and control managers ca
out a process system control in con
room, rarely coming into the field.
The processes in the petrochem
industry have continuous and clo
systems. Each process and the requ
materials were outlined in the proc
& instrument diagram (P&ID) or 
process & flow diagram (P&FD) p
to the study. The factors taken i
account in the field study were as 
lows: types of operations conduc
hazardous chemical materials in e
operation, frequency of job per
mance, who does the job, and t
period of the job. Also, we surve
techniques of maintenance (o
drain, steam purge, chemical clean
etc.), the duration of purge or main
nance, atmospheric conditions, 
the characteristics of the task. In
mation was used to determine a mo
toring schedule.
Sampling and analytical method
In order to measure the benzene c
centration in the working envir
ments, both passive sampling 
organic vapor monitors and active s
pling by charcoal tubes was conduc
Full-shift exposure assessment for
individual workers was carried out u
passive sampling by Organic Va
Monitor (Model 3500, 3M Compa
St. Paul, MN). Short-term samples w
obtained using charcoal tubes.
In addition to the collection of 
sonal samples from workers du
maintenance and regular work, a 
min measure of short-term expos
concentration was also carried out d
ing these operations. The personal ex
sure measurements of the plant work
who participated in maintenance Please cite this article in press as: Chung
petrochemical plants. J. Chem. Health S
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regular work were conducted over e
consecutive hours during work
hours, in accordance with the provisi
of Working Environment Measurem
from Ministry of Employment and 
bour in Korea. For sampling carried
for less than 8 hrs, the concentrati
during the sampling times were calcu
ed as 8-hr time-weighted average ex
sure concentrations.16 The samp
time was 408.7  84.9 min for full-s
exposures, and 13.6  4.9 min for sh
term exposures.
To control for contamination 
errors that can occur during sampl
blank samples were collected. 
measurement and analysis of benze
were conducted in accordance w
NIOSH Manual of Analytical Meth
(NMAM) Method 1500 and 1501. 
collected samples were desorbed u
carbon disulfide and quantitatively
alyzed using GC/FID (gas chrom
graph/flame ionization detector
We obtained a detection limit
0.012 ppm for full-shift samples 
0.006 ppm for short-term samples
the measured data were less than
limit of detection (LOD) or 
detected (ND), we assigned a va
of 1/2 of LOD to that sample.18
The Occupational Safety and He
Research Institute (OSHRI) perfo
ing the analyses runs a Quality Con
Program to ensure the high qualit
private OSH service providers. T
program assesses their capability
measure and evaluate work envir
ments. OSHRI is an accredited labo
tory by the PAT (Proficiency Analyt
Testing) Program of AIHA (Ameri
Industrial Hygiene Association).
We also investigated the kind of p
tective equipment workers wear. 
respiratory protection as three ty
first, half-mask respirator equip
with gas filter, second, gauze respira
coated with activated carbon, th
disposable (one-time-use) dust resp
tor was wearing. If it was wearing
half-mask respirator and gauze re
rator, the worker was checked ‘c
pliance’, but, if he has to w
disposable dust respirator, ‘non-c
pliance’ was defined.
Statistical analysis of the measu
data was carried out using SPSS
Windows (IBM, 18.0k), in order
determine whether the results w, E. K. et al2., A comparison of benzene exposur
afety (2016), http://dx.doi.org/10.1016/j.jchas.2
Journal oes in maintenance and regular works at Korean
016.09.006
f Chemical Health & Safety, May/June 2013
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Table 1. Distribution of Long- and Short-Term Samples Between Maintenance and Regular Work Based on the Benzene Level.
The Numbers in Parentheses are the Percentages of Exposure Measurements in Each Exposure Range.
Benzene
Level (ppm)
All Work Maintenance Work Regular Work
All Full Shift Short Term All Full Shift Short Term
NDa 97 (50.5)b 37 (28.7) 34 (30.6) 3 (16.7) 60 (95.2) 34 (91.9) 26 (100)
>ND to <0.1 28 (14.6) 27 (20.9) 21 (18.9) 6 (33.3) 1 (1.6) 1 (2.7) 0 (0.0)
0.1 to <0.5 38 (19.8) 37 (28.7) 33 (29.7) 4 (22.2) 1 (1.6) 1 (2.7) 0 (0.0)
0.5 to <1.0 13 (6.8) 12 (9.3) 12 (10.8) 0 (0.0) 1 (1.6) 1 (2.7) 0 (0.0)
1.0 to <2.5 9 (4.7) 9 (7.0) 6 (5.4) 3 (16.7) 0 (0.0) 0 (0.0) 0 (0.0)
2.5 7 (3.6) 7 (5.4) 5 (4.5) 2 (11.1) 0 (0.0) 0 (0.0) 0 (0.0)
Total 192 (100) 129 (100) 111 (100) 18 (100) 63 (100) 37 (100) 26 (100)
a ND: not detected.
b (): %.log-normally distributed. The distribu-
tions were then assessed by the Sha-
piro–Wilk and Kolmogorov–Smirnov
tests. Differences between variables
were assessed using the T-test for inde-
pendent samples. Exc. frac. (%) and
Prob. of X95 in category (%) between
jobs were assessed by Bayesian deci-
sion analysis using IH DataAnalyst
(Paul Hewett, v1.27).19–21
Many things can affect a measure-
ment. Because real measurements arePlease cite this article in press as: Chung, E. K
petrochemical plants. J. Chem. Health Safety
Table 2. Benzene Full Shift Exposures by 
Factory Process Job
Category
N SE
A Aromatic Control
manager
6 
Maint
enance
worker
17 
BTX Control
manager
3 
Maintenance
worker
12 
B MNB Control
manager
3 
Maintenance
worker
10 
C BTX Control
manager
4 
Maintenance
worker
21 
D Cumene Control
manager
10 
Maintenance
worker
25 
N (number of samples), AM (arithmetic mean), 
means that the data were log normally distributed
OEL.p < 0.05.
Journal of Chemical Health & Safety, Septenever made under perfect conditions,
errors and uncertainties can come
from: the measuring instrument, the
measurement process, the item being
measured, calibration, operator skill,
sampling issues, the environment con-
ditions, etc. Uncertainty of measure-
ment means the doubt that exists
about the result of any measurement.
The uncertainty associated with each
measurement in this study determined
from the standard deviation.22. et al2., A comparison of benzene exposures in
 (2016), http://dx.doi.org/10.1016/j.jchas.2016.0
Process and Job Category at Each Factory D
Gs AM
(SD)
GM
(GSD)
95% R
2 0.02  0.02 0.01(2.77) 0.12 ND 
3 0.17  0.25 0.03(7.38) 2.55 ND 
1 0.11  0.18 0.02(9.99) 0.99 ND 
2 3.59  12.1 0.04(14.81) 11.7 ND 
1 0.10  0.16 0.02(9.21) 0.82 ND 
2 0.04  1.04 0.04(7.92) 1.64 ND 
1 0.08  0.04 0.07(1.94) 0.22 0.03
1 0.66  1.19 0.33(2.78) 1.8 0.06
1 ND ND – – 
2 0.81  0.93 0.44(3.31) 3.15 0.04
SD (standard deviation), GM (geometric mean), 
 by each SEGs.Exc. frac. (exceedance fraction): t
mber/October 2016 RESULTS
Benzene exposure distributions
For maintenance operations, 84.9% of
the benzene exposures were below the
TLV of 0.5 ppm. Benzene concentra-
tion was not detected (ND) in 28.7% of
all maintenance operation samples.
The main reason is that the equipment
and pipes were sufficiently cleaned and
purged at the SD stage. In contrast, for
regular operations, the distribution of maintenance and regular works at Korean
9.006
uring Maintenance Work.
ange Log
Normal
Test
Exc.
Frac.
(%)
Prob.
of X95 in
Category, %
to 0.06 Y 0.6 32.8
to 0.70 Y 12.5 93.8
to 0.32 Y 0 49.9
to 38.9 Y 17.3 95.2
to 0.28 Y 0 48.3
to 3.34 Y 11.7 90.7
 to 0.13 Y 0.2 35.4
 to 5.55 Y 34.7 100
– – –
 to 3.38 Y 45.7 100
GSD (geometric standard deviation).Y: Yes
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hart with uncertainty of LTEC and STEC by job
gular operations. LTEC: long term exposure
posure concentration.benzene concentration was as follows:
95.2% of the benzene measurements
were non-detects (ND), and only one
sample was observed above 0.5 ppm
(see Table 1). Regular work showed a
concentration above the detection lim-
it of benzene only in three of 63 sam-
ples.
For both maintenance and regular
operations, the higher the benzene
levels, the fewer the number of full shift
personal samples. This was not true of
short term personal samples. Thus,
high exposure jobs were not being
sampled frequently.
Full shift exposure measurements
During maintenance at the four
factory sites, the geometric mean of
full-shift samples was 0.08 ppm
(GSD = 8.42) and the arithmetic
mean was 0.77 ppm (SD = 4.04) (Ta-
ble 2). But during regular work, it was
0.01 (2.20) ppm and 0.02  0.12 ppm.
Furthermore, in case of maintenance,
24 samples exceeded the exposure
limits (8-hr-TWA) with regard to
long-term exposure of benzene, which
accounted for 20.7% of the whole, but
in the case of regular work, there was
only one case that exceeded the expo-
sure limits (Table 3). Thus, this shows
the statistically significant difference
in the benzene concentration levels in
the long-term exposure samples be-
tween maintenance and regular work
(p < 0.01). The data for processes and
job categories by each SEGs were log
normally distributed according to the
Kolmogorov–Smirnov test, but for job
category by total SEGs were not 
normally distributed (p < 0.05).
The data showed the difference
tween the arithmetic and the geom
ric mean was big, and the geome
standard deviation(GSD) was h
value 1.94–14.81. It means that wo
ers can face various exposure con
tions according to a job category o
work site during turnaround.
The uncertainties of measurem
for control manager and maintena
Figure 1. Distribution of error bar c
groups during maintenance and re
concentration; STEC: short term exPlease cite this article in press as: Chung
petrochemical plants. J. Chem. Health S
Table 3. Benzene Full Shift Exposure
Work Type Job
Category
No. o
Factor
Maintenance Control
manager
4 
Maintenance
worker
4 
–Total – 
Regular Control
manager
5 
Maintenance
worker
5 
–Total – 
N (number of samples), AM (arithmetic me
(exceedance fraction): the probability that
4 log
 be-
et-
tric
igh
rk-
di-
r a
ent
nce
worker were 0.016, 0.314 during m
tenance work, were 0.00, 0.023 du
regular work, respectively (Figure 
Short term exposure measurement
The short-term exposure samples
each SEGs were lognormal distribu
according to the Shapiro–Wilk 
Kolmogorov–Smirnov tests (p < 0.
During maintenance work, the sh
term exposure concentration (ST
of benzene had a geometric mean, E. K. et al2., A comparison of benzene exposures in maintenance and regular works at Korean
afety (2016), http://dx.doi.org/10.1016/j.jchas.2016.09.006
s During Maintenance and Regular Operations by Job Groups.
f
y
SEGs N AM
(SD)
GM
(GSD)
95th
%
Range Exc.
Frac.
(%)
Prob. of X95
in Category
(%)
6 26 0.04  0.08 0.01(3.90) 0.39 ND to 0.32 4.2 35.3
10 85 0.79  4.21 0.09(7.50) 3.8 ND to 38.9 21.0 100
16 111 0.81  3.87 0.08(8.81) – ND to 38.9 – –
6 26 ND ND – – – –
6 37 0.04  0.14 0.01(2.89) 0.04 ND to 0.81 2.2 0
12 63 0.03  0.12 0.01(3.34) – – – –
an), SD (standard deviation), GM (geometric mean), GSD (geometric standard deviation).Exc. frac.
 measurement exceeds the OEL.p < 0.05.
Journal of Chemical Health & Safety, May/June 2013
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Table 4. Benzene Short-Term Shift Exposures by Process and Job Category at Each Factory During Maintenance Work.
Factory Process Job
Category
N SEGs AM
(SD)
GM
(GSD)
95% Range Log
Normal
Test
Exc.
Frac.
(%)
Prob. of
X95 in
Category (%)
A BTX Maintenance
worker
1 1 ND ND – – – – –
B MNB Maintenance
worker
2 1 ND ND – – – – –
C BTX Maintenance
worker
5 1 0.16  0.27 0.03
(2.47)
0.14 0.02–0.15 Y 0 6.3
D Cumene Maintenance
worker
10 1 1.97  3.32 0.66
(5.05)
9.49 0.07–11.0 Y 20.6 99.2
N (number of samples), AM (arithmetic mean), SD (standard deviation), GM (geometric mean), GSD (geometric standard deviation).Y: Yes
means that the data were log normally distributed by each SEGs.Exc. frac. (exceedance fraction): the probability that measurement exceeds the
OEL.p < 0.05.
Table 5. Benzene Concentration in Short-Term Shift Exposure Samples by Work Types.
Work Type Job Category No. of
Factory
SEGs N AM GM 95th % Range Exc.
Frac. (%)
Prob. of
X95 in
Category (%)
Maintenance Maintenance
worker
4 4 18 1.11  2.61 0.12 (11.93) 9.69 ND to
10.99
12.2 96
Regular Maintenance
worker
4 6 26 ND ND 0 – 0 0
N (number of samples), AM (arithmetic mean), SD (standard deviation), GM (geometric mean), GSD (geometric standard deviation).Exc. frac.
(exceedance fraction): the probability that measurement exceeds the OEL.p < 0.05.0.12 (GSD = 11.93) ppm, and an arith-
metic mean of 1.11  2.61 ppm, and
during regular work, it was not detected
in the 26 samples (Table 4).
During maintenance work, two sam-
ples exceeded the exposure limits
(STEL), which accounted for 11.1%
of the whole, but during regular work,
there were none that exceeded the
exposure limits (Table 5). There is a
statistically significant difference in the
benzene concentration levels in short-
term exposure samples between main-
tenance and regular work (p < 0.01).
The uncertainties of measurement
during maintenance and regular work
were 0.616, 0.00 for maintenance
worker, respectively (Figure 1).
DISCUSSION
This work investigated the extent of the
differences in the benzene concentra-
tion levels between maintenance and
regular workers. Regular work mostly
showed values that were non-detects
and never exceeded the exposure lim-
its, whereas maintenance work hadPlease cite this article in press as: Chung, E. K
petrochemical plants. J. Chem. Health Safety
Journal of Chemical Health & Safety, Septemany more values that exceeded the
exposure limits. Furthermore, statisti-
cally significant differences in the ben-
zene concentration levels were
observed between maintenance and
regular works in long- and short-term
exposure samples. Thus, it can be con-
cluded that the benzene exposure con-
centration level during maintenance is
higher than that during regular works.
The average benzene exposure levels
were significantly different between
the various stages of maintenance
and the highest exposures were ob-
served during the shut-down stage.
Although high exposure existed
depending on the types of operations,
actual exposure were sometimes lower
as workers wore half-mask respirators.
During maintenance work, the rate of
wearing a half-mask respirator or a
gauze respirator (with charcoal filter)
was 34.0%, and a dust respirator was
36.8%. On the other hand, the rates of
wearing safety devices (safety helmet
and boot) were 98.0–100%. The rates
of wearing PPE (containing gauze res-
pirator with charcoal filter) during. et al2., A comparison of benzene exposures in
 (2016), http://dx.doi.org/10.1016/j.jchas.2016.0
mber/October 2016 tasks (or maintenance) where OELs
were exceeded were 62.0%. Therefore,
38.0% of workers who directly han-
dled benzene are exposed to benzene
concentrations above the limits during
maintenance work.
The measured benzene exposure
concentrations during regular work
were lower than reported in the past
in Korea.23 The working environment
measurement results reported at the
petrochemical plants within the Kore-
an industrial complex for the past de-
cade demonstrated that during regular
work, more than 83.0% of the measure-
ments were non-detects. This study
reported that more than 95.2% of the
samples were non-detects. This indi-
cates that the efforts to minimize direct
exposures to benzene in this industry
have been tremendously successful.
The highest-exposure job (8-hr
TWA) was maintenance workers
who can be directly exposed to ben-
zene. This is consistent with other
studies that also reported that mainte-
nance workers who are involved
draining, manhole opening, blind in maintenance and regular works at Korean
9.006
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JCHAS-918; No of Pages 6or out, may be more exposed to ben-
zene.24 Maintenance workers some-
times exceeded the exposure limits
(8-hr-TWA or STEL). Also, tasks that
exceeded the exposure limits were
blind in or out, bolt disassembling
works, drain valve exchanging in ben-
zene columns, gasket eliminating and
exchanging.
This study is significant in the fact
that it compared the difference in ben-
zene exposure levels in petrochemical
plants that have maintenance and reg-
ular work for first time in Korea.
CONCLUSIONS
In this study, we have compared the
benzene exposure levels during main-
tenance and regular works in petro-
chemical workplaces manufacturing.
The 8-hr TWA benzene exposure dur-
ing maintenance was several times
higher than during regular work.
Short-term benzene exposures dur-
ing maintenance were dozens of times
higher than during regular work.
While most workers wear half-mask
respirators to enter workplaces with
high levels of airborne benzene, there
are still significant numbers of workers
without respiratory protection. Not
only under routinized works but also
in maintenance works, measures to
minimize high exposures to benzene
should be implemented.
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